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[Abstract] 
[Object] 

Utilizing the fact that reflected light changes differently on a photo detector 
dependent on whether the pit depth is deeper than 1/4 wavelength or not, recording 
density is improved. 
[Structure] 

When the pit depth is shallower than XIA, an output b of a subtracter 8-2 
changes from + to — with the center of a pit being the border, when the depth is XIA, the 
output b does not change, and when the depth is deeper, the output changes from — to +, 
with the center of a pit being the border. An output a of an adder 8-1 has a peak with 
maximum modulation when the pit depth is (2n+l) XIA, while the output b of adder 8-2 
has peaks at (4n+l) X/8 and (4n+3) XI8, with mutually different signs. Therefore, a 
threshold value is provided for the output a to detect whether there is a pit or not, and a 
comparator is provided for the output b to detect whether the output changes or not at 
the center of the pit and to know the direction of change, whereby information of four 
values can be obtained. 
[Scope of Claim for Patent! 

1. An information recording medium from which information is optically read 
by an optical beam, where said optical beam has a wavelength of X } said recording 
medium having: a first information pit having the pit depth (represented in optical 
distance) of 0; a second information pit having the pit depth of approximately (2n+l) XI A 
(n is an integer); a third information pit shallower by at most XIA in optical distance 
than the depth of said second information pit; and a fourth information pit deeper by at 
most XIA in optical distance than the depth of said second information pit; wherein four 
different pieces of information are held in accordance with the pit depth. 
[Embodiments of the Invention] 

As shown in Fig. 2(c), when the pit depth is slightly shallower than X/A } the 
output b of subtracter 8-2 (shown in Fig. 2(b)) changes from + to % for example, with the 
center of the pit being the border. When the pit depth is approximately XIA as shown in 
Fig. 2(£), the output hardly changes (as shown in Fig. 2(e)). Further, when the pit is 
slightly deeper than XIA as shown in Fig. 2(i), the output changes in the direction from — 
to + with the center of the pit being the border (as shown in Fig. 2(h)), contrary to the 
example of Fig. 2(c). This is because the distribution of light reflected from the pit 
changes in accordance with the shape of the pit on the photo detector. The change in 
detail is as shown in Figs. 3A and 3B. In these figures, the ordinate represents outputs 
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a and b, and the abscissa represents the phase depth of the pit. The output a of adder 
8-1 has a peak when the pit depth is (2n+l) X/4, at which the degree of modulation is the 
highest. Therefore, it is well known that for reading in normal phase, a signal of large 
magnitude can be read with best S/N when the pit depth is set to X/4. As for the 
change in output b of subtracter 8-2, it has peaks at (4n+l) X/8 and (4n+3) X/8 with 
mutually different signs, as shown in the figure. Therefore, when a threshold value is 
provided for the output a, it becomes possible to detect whether there is a pit or not, and 
when a comparator is provided for the output b to know the presence/absence of any 
change at the center of the pit and to know the direction of change, it becomes possible 
to obtain four different pieces of information. An example is shown in the form of a 
table in Fig. 4. As can be seen from the table, when the pit width is changed to 0 (no 
pit), X/4'ol, X/4 and X/4+ot, the outputs (a) and (b) are obtained as "0" or "1". Therefore, 
from the outputs (a) and (b), four-valued outputs (c) of 0, 1, 2 and 3 can be determined. 
In principle, the value a may be any value in the range of 0 < a < X/4. Practical value is 
about XV10 to about XI several tens. The present invention may be implemented in a 
discrete manner or in analogue manner. Though reflection detection of the output has 
been described, transmission detection is also possible and, in that case, each pit depth 
should be doubled. In order to form an information recording medium that provides 
four-valued outputs, the information recording surface of the medium must be divided 
into four areas having different depth for recording. Specifically, the first information 
pit having the depth of 0, the second information pit having the depth of X/4, the third 
information pit having the depth of XI4-<x and the fourth information pit having the 
depth of X/4+a are provided. For recording, the thickness of a photo resist may be set 
thicker than A,/4+ot, and dependent on the four -value area, the amount of light for 
recording may be changed. Alternatively, a film having relatively higher fight 
absorption than a recording photo sensitive material (photo resist or the like) may be 
provided at the pit depth of X/4-a, X/4, and X/4+a, the depth attained by the recording 
fight amount and the exposure can be made stepwise. This facilitates control of 
recording light amount. 
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